Background: Hepatocellular carcinoma (HCC) is a common malignant tumor with high fatality rate. Recent studies reported that up-regulation of long non-coding RNA antisense non-coding RNA in the INK4 locus (lncRNA ANRIL) was found in HCC tissues, and which could affect HCC cells biological processes. However, the potential molecular mechanism of ANRIL in HCC is still unclear. The study aimed to uncover the effect of ANRIL on HepG2 cells growth, migration and invasion. Methods: The knockdown expression vectors of ANRIL were transfected into HepG2 cells, and qRT-PCR, CCK-8, flow cytometry, Transwell and western blot assays were performed to analyze the effect of ANRIL on cell proliferation, apoptosis, migration and invasion. The relative expression of miR-191 was then examined in ANRIL knockdown vector transfected cells. These experiments were repeated again for exploring the effect of miR-191 on HepG2 cells. NF-κB and Wnt/β-catenin signaling pathways were examined by using western blot assay. Results: Knockdown of ANRIL inhibited proliferation, induced apoptosis, meanwhile suppressed migration and invasion of HepG2 cells. Additionally, the results showed that the expression level of miR-191 was down-regulated by ANRIL knockdown in HepG2 cells. Importantly, overexpression of miR-191 reversed the anti-tumor effect of ANRIL on cell proliferation, apoptosis, migration and invasion in HepG2 cells. Besides, we found that ANRIL knockdown inactivated NF-κB and Wnt/β-catenin pathways by regulating miR-191.
ANRIL knockdown inhibits proliferation and
induces apoptosis of HepG2 cells; 2. ANRIL knockdown inhibits migration and invasion of HepG2 cells; 3. ANRIL knockdown down-regulates miR-191 expression in HepG2 cells;
4. ANRIL knockdown exerts anti-tumor effect by regulating miR-191; 5. ANRIL knockdown blocks NF-κB and Wnt/β-catenin pathways by regulating miR-191.
Background
Hepatocellular carcinoma (HCC) is the commonest type of primary liver cancer, and is the main cause of death in patient with cirrhosis [1, 2] . The fatality rate of HCC currently ranks second in malignant tumor worldwide, which seriously threatens people's health and life [3] . At present, surgical resection and liver transplantation are effective methods for the treatment of early HCC [4] . With the development of surgical and drug treatments, the 5-year survival rate of patients with HCC has obviously improved [5] . However, HCC remains a highly fatal cancer due to the lack of biomarkers and targets for early diagnosis [6] . The complex molecular mechanisms in the occurrence and development of HCC are still unclear. Therefore, the effective molecular biomarkers are urgently needed for the diagnosis, treatment and prognosis of HCC. Long non-coding RNAs (lncRNAs), are a kind of nonprotein-coding RNAs with more than 200 nucleotides, which have emerged as a new layer of cell biology [7] . Many studies have uncovered that lncRNAs are differentially expressed in HCC cells, and are closely associated with the occurrence and development of HCC [8, 9] . LncRNA H19 is firstly verified and studied in the HCC [10] . Several researches revealed that abnormal expression of H19 was participated in regulating HCC cells proliferation, migration and invasion [11, 12] . Liu et al. reported that lncRNA human ovarian cancer-specific transcript 2 (HOST2) enhanced cell proliferation, migration, invasion and suppressed apoptosis in HCC cell line SMMC-7721 [13] . LncRNA antisense non-coding RNA in the INK4 locus (ANRIL) is also known as CDKN2B-AS, which has been reported to exert oncogenic effect on various cancers, including non-small cell lung cancer, bladder cancer and ovarian cancer [14] [15] [16] . Up-regulation of ANRIL was found in HCC tissues, and has been confirmed to be associated with poor prognosis in HCC [17] . However, more evidences remain necessary to further prove the effect of ANRIL on HCC cells.
In the present study, we investigated the effect of ANRIL on HepG2 cells proliferation, apoptosis, migration and invasion, as well as uncovered whether ANRIL affected HCC cell biological processes through regulation of microRNA-191 (miR-191), nuclear factor kappa B (NF-κB) and Wnt/β-catenin signaling pathways. The study might provide novel strategies for the treatment of HCC.
Methods

Cell culture and transfection
Human HCC cell line HepG2 was originally derived from a liver hepatocellular carcinoma of a 15 years old male adolescent. The cell line has been authenticated by using Single Tandem Repeat (STR) profiling method. There is no mycoplasma contamination in HepG2 cell line. In the present study, we purchased HepG2 cells from American Type Culture Collection (ATCC, ATCC®HB-8065™, Rockville, MD, USA). The Dulbecco's modified Eagle's medium (DMEM, Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS, Gibco) was used to culture HepG2 cells in an incubator with a humidified air (95%) and carbon dioxide (CO 2 , 5%) condition at 37°C.
For transfection, short-hairpin RNA plasmids directly knockdown ANRIL (sh-ANRIL#1 and sh-ANRIL#2), the non-targeting sequence (sh-NC), miR-191 mimic and the negative control (NC) were synthesized by GenePharma (Shanghai, China). All transfection into HCC cells was measured by using lipofectamine 3000 reagent (Life Technologies Corporation, Carlsbad, CA, USA) according to the manufacturer's protocol. The transfected HepG2 cells were collected for further experiments after transfection for 48 h.
Cell viability assay
HepG2 cells were cultured in 96-well plate with 5 × 10 3 cells/well overnight, and then the expression vectors of sh-ANRIL#1, sh-ANRIL#2, and miR-191 mimic were transfected into these cells for 48 h. Afterward, cells were incubated with 10 μl of CCK-8 solution (Dojindo Molecular Technologies, Gaithersburg, MD) for 4 h at 37°C. Finally, the wavelength was set to 450 nm, and the absorbance value of each well was measured using Microplate Reader (Bio-Rad, Hercules, CA, USA).
Apoptosis assay
After transfection, the percentage of apoptotic cells was analyzed by using Annexin-V-Phycoerythrin (PE) Apoptosis Detection Kit (BD Biosciences, NY, USA) according to the manual. In brief, the transfected HepG2 cells with sh-ANRIL#1, sh-ANRIL#2, and miR-191 mimic were harvested after transfection for 48 h. These cells were then washed twice with phosphate buffered saline (PBS, Gibco). After this, 5 μl Annexin V-PE was added to stain these cells for 15 min in the dark at room temperature. Cell apoptosis was finally analyzed by using flow cytometry analysis (FACSC, alibur, BD, USA).
Migration and invasion assays
The abilities of cell migration and invasion of HepG2 cells were examined by using 24-well Transwell chambers with 8 μl pore size (BD Biosciences). Briefly, after transfection for 48 h, the cells (2 × 10 5 cells/well in 200 μl serum-free culture medium) were cultured in the upper culture chamber, and the lower chamber was filled with 600 μl complete medium. For cell invasion assay, the upper culture chamber was covered with BD MatrigelTM Matrix (BD Biosciences). After incubation, the transwell chamber was removed, and the medium in each well was discarded. The cells were washed twice with PBS, and fixed with methanol for 30 min (Sigma-Aldrich, St Louis, MO, USA). After this, the non-traveled cells were gently removed from the upper surface of the filter with a wet cotton swab. Subsequently, the traveled cells were stained with 0.1% crystal violet (Merck, Darmstadt, Germany) for 20 min, and these cells were counted in five random fields under a microscope (Olympus, Tokyo, Japan; 40× magnification).
Quantitative real-time reverse-transcription polymerase chain reaction (qRT-PCR)
Trizol reagent (Life Technologies Corporation, Carlsbad, CA, USA) was used to extract total RNA of HepG2 cells based on the manufacturer's instructions. The cDNA synthesis from 2 μg of total RNA was performed by using cDNA Synthesis SuperMix kit (TaKaRa, Dalian, China). The relative expression of ANRIL was determined by using SYBR-Green Real-Time Master Mix (Toyobo, Co., Ltd., Osaka, Japan). The relative expression of miR-191 was examined by using the Taqman MicroRNA Reverse Transcription Kit and Taqman Universal Master Mix II with the TaqMan MicroRNA Assay (Applied Biosystems). The qRT-PCR was performed by using 7300 Real Time PCR System (Applied Biosystems, Foster City, CA, USA). Data were calculated by 2 −ΔΔCt method, and normalized to β-actin and U6, respectively.
Western blot assay
The transfected HepG2 cells were lysed by radio immunoprecipitation assay (RIPA, Beyotime Biotechnology, Shanghai, China) lysis buffer containing protease inhibitor (Roche, Basle, Switzerland). According to the instruction of BCA™ Protein Assay Kit (Pierce, Appleton, WI, USA), the total protein content of the samples was determined. Using the method of sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), the protein samples (30 μg) were separated and subsequent transfected to polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5% BSA, and incubated with the diluted primary antibodies of CyclinD1 (ab137875), p53 (ab131442), p21 (ab109199), pro-Caspase-3 (ab32150), cleaved-Caspase-3 (ab2302), pro-Caspase-9 (ab138412), cleaved-Caspase-9 (ab2324), matrix metalloproteinase-2 (MMP-2, ab37150), MMP-9 (ab38898), Vimentin (ab16700), phosphorylated (p)-p56 (ab28856), t-p56 (ab32536), p-IκBα (ab133462), t-IκBα (ab32518), β-catenin (ab32572) and β-actin (ab8227, Abcam) overnight at 4°C. After incubation with primary antibodies, the membranes were washed several times with TBST, and the diluted second antibody of horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (ab205718, 1:2000, Abcam) was added to incubate for another 1 h at room temperature. The enhanced chemiluminescence (ECL) reagents (Super Signal Dura kit, Pierce, IL, USA) was used to capture the western blot, and the intensity of these bands was quantified using Image Lab™ Software (Bio-Rad).
Statistical analysis
The data from multiple experiments are presented as the mean ± standard deviation (SD). Statistical analyses were performed using Graphpad 6.0 statistical software (San Diego, CA, USA). The student's t test analysis was used to test the statistical significance of two groups. A one-way analysis of variance (ANOVA) was used to analyze the statistical significance of multiple groups. P < 0.05 was considered as a statistically significant result.
Results
Knockdown of ANRIL suppressed cell proliferation and induced apoptosis in HepG2 cells
To detect the effect of ANRIL on HCC cells proliferation and apoptosis, we first transfected the expression vectors of sh-ANRIL#1 and sh-ANRIL#2 into HepG2 cells to change ANRIL expression. In Fig. 1a , the results showed that ANRIL expression level was significantly decreased in sh-ANRIL#1 or sh-ANRIL#2 transfected HepG2 cells compared to sh-NC group (P < 0.001). Additionally, we found that knockdown of ANRIL inhibited the viability of HepG2 cells, as well as down-regulated CyclinD1 protein level and up-regulated p53 and p21 protein levels (P < 0.05 or P < 0.01, Fig. 1b-d) , suggesting an inhibitory effect of ANRIL knockdown on cell proliferation in HepG2. Further, flow cytometry assay showed that the percentage of apoptotic cells was significantly induced in sh-ANRIL#1 or sh-ANRIL#2 transfected cells compared to sh-NC group (P < 0.01, Fig. 1e ). The results analyzed by western blot assay displayed that knockdown of ANRIL activated cleaved-Caspase-3 and cleaved-Caspase-9 expression in HepG2 cells (Fig. 1f) . These data uncovered that knockdown of ANRIL regulated cell proliferation and apoptosis in HepG2 cells.
Knockdown of ANRIL declined the abilities of migration and invasion in HepG2 cells
Next, the functions of ANRIL in migration and invasion were examined by using Transwell assay. We observed that the ability of migration was significantly reduced in HepG2 cells with sh-ANRIL#1 and sh-ANRIL#2 transfections (P < 0.05 or P < 0.01, Fig. 2a) . Western blot results revealed that the protein levels of MMP-2 and MMP-9 were down-regulated by knockdown of ANRIL compared to sh-NC group (P < 0.05 or P < 0.01, Fig. 2b and c) . Concurrently, the similar results were presented in cell invasion in Fig. 2d-f . The results revealed that knockdown of ANRIL remarkably suppressed cell invasion, as well as declined the protein level of Vimentin in HepG2 cells (P < 0.01). All above results indicated that knockdown of ANRIL suppressed the abilities of migration and invasion in HepG2 cells.
Knockdown of ANRIL decreased the expression level of miR-191 in HepG2 cells
Mounting evidences have proven the interaction between lncRNA and miRNA in different cancers [18, 19] . However, the relationship between ANRIL and miR-191 in HCC cells remains largely unknown. The results from qRT-PCR assay displayed that the expression level of miR-191 was significantly decreased in sh-ANRIL#1 or sh-ANRIL#2 transfected cells compared to that in sh-NC group (P < 0.01 or P < 0.001, Fig. 3 ). The observation suggested that miR-191 expression was negatively regulated by ANRIL knockdown, and which might be participated in mediating cell biological processes in HepG2 cells.
Knockdown of ANRIL exhibited anti-tumor effect on HepG2 cells by regulation of miR-191
Recent study has demonstrated that miR-191 is a candidate oncogene target for the treatment of HCC [20] . To provide more evidence to clarify the effect of miR-191 on HCC, the vector of miR-191 mimic was transfected into HepG2 cells to overexpress miR-191 expression. As shown in Fig. 4a , the significant induction was explained in the miR-191 mimic transfected cells compared to that in NC group (P < 0.01). We next test the effect of miR-191 on cell proliferation and apoptosis in HepG2 cells. The results displayed that the viability of HepG2 cells was significantly promoted by overexpression of miR-191 in sh-ANRIL#1 or sh-ANRIL#2 transfected cells (P < 0.05). The regulatory effect of ANRIL knockdown on CyclinD1, p53 and p21 protein levels was also reversed by miR-191 overexpression (P < 0.05, P < 0.01 or P < 0.001, Fig. 4c and d) . Besides, miR-191 overexpression reduced the promoting effect of ANRIL knockdown on cell apoptosis, meanwhile decreased the protein levels of cleaved-caspase-3 and cleaved-caspase-9 (P < 0.01 or P < 0.001, Fig. 4e and f ) . These data indicated that ANRIL knockdown exerted anti-tumor effect through regulation of miR-191 in HepG2 cells.
Knockdown of ANRIL inhibited HepG2 cells migration and invasion by regulation of miR-191
Subsequently, the effects of miR-191 on cell migration and invasion were investigated in HepG2 cells. The results showed that miR-191 overexpression promoted cell migration and up-regulated MMP-2 and MMP-9 expression in sh-ANRIL#1 or sh-ANRIL#2 transfected cells (P < 0.05, P < 0.01 or P < 0.001, Fig. 5a-c) . Similarly, cell invasion was Fig. 1 Knockdown of ANRIL functions in HepG2 cells proliferation and apoptosis. HepG2 cells were transfected with the expression vectors of sh-ANRIL#1 and sh-ANRIL#2 to knockdown ANRIL expression. a qRT-PCR assay was used for indicating the relative expression level of ANRIL in these transfected cells. b Cell viability was examined in HepG2 cells after transfection with sh-ANRIL#1 and sh-ANRIL#2 by CCK-8 assay. c and d Protein levels of CyclinD1, p53 and p21 in these transfected cells were detected by western blot assay. e Cell apoptosis and f the protein levels of proCaspase-3/− 9 and cleaved-Caspase-3/− 9 were respectively determined by flow cytometry and western blot. ANRIL: CDKN2B antisense RNA 1; qRT-PCR: quantitative real-time reverse-transcription polymerase chain reaction; CCK-8: Cell Counting Kit-8; *P < 0.05; **P < 0.01, ***P < 0.001 enhanced by miR-191 overexpression (P < 0.01), and the protein level of Vimentin was also up-regulated by miR-191 overexpression in sh-ANRIL#1 or sh-ANRIL#2 transfected cells (P < 0.05, P < 0.01 or P < 0.001, Fig. 5d-f ). All these results explained that knockdown of ANRIL suppressed cell migration and invasion via regulation of miR-191 in HepG2 cells.
Knockdown of ANRIL inactivated NF-κB and Wnt/β-catenin signaling pathways through regulation of miR-191 in HepG2 cells
Lastly, we explored the effect of NF-κB and Wnt/β-catenin signaling pathways on HCC cells by using western blot assay. As displayed in Fig. 6a and b, we observed that knockdown of ANRIL suppressed the phosphorylated p65 and IκBα expression (P < 0.001). However, overexpression of miR-191 showed an adverse effect on these factors expression (P < 0.001). In term of Wnt/β-catenin signaling pathway, the protein level of β-catenin was also decreased by knockdown of ANRIL (P < 0.05). But, an obvious promoting effect was exhibited after transfection of miR-191 mimic in HepG2 cells (P < 0.05, Fig. 6c and d) . Collectively, these data indicated that ANRIL knockdown blocked NF-κB and Wnt/β-catenin signaling pathways through regulation of miR-191 in HepG2 cells.
Discussion
In this study, the results revealed that knockdown of ANRIL suppressed HepG2 cells proliferation, induced apoptosis, as well as decreased the abilities of migration and invasion. Moreover, we found that knockdown of ANRIL obviously declined the expression level of miR-191 in HepG2 cells, and the effects of ANRIL knockdown on cell proliferation, apoptosis, migration and invasion were reversed by miR-191 overexpression. Mechanically, the results demonstrated that ANRIL knockdown inhibited the activation of NF-κB and Wnt/β-catenin signaling pathways by regulation of miR-191 in HepG2 cells.
To date, increasing studies have highlighted that lncRNAs play an indispensable role in the pathogenesis, metastasis and recurrence of various cancers [21, 22] . The different kinds of lncRNAs are strongly connected with the biological processes of HCC cells, such as proliferation, apoptosis, migration and invasion [23] . For instances, in vitro experiment from Chen et al. reported that colorectal neoplasia differentially expressed (CRNDE) could enhance HCC cells proliferation, migration, and invasion [24] . Mang et al. reported that nuclear-enriched abundant transcript 1 (NEAT1) could promote cell proliferation and invasion by mediation of hnRNP A2 in HCC cells [25] . ANRIL, an important lncRNA, has been identified within the p15/CDKN2B-p16/ CDKN2Ap14/ARF gene cluster [26] . Recent study demonstrated that ANRIL was increased in HCC, and inhibition of ANRIL could suppress cell proliferation, metastasis, and induce apoptosis of HepG2 and SMMC7721 cells [27] . Additionally, previous study has reported that ANRIL knockdown significantly impaired cell proliferation, invasion and promoted cell apoptosis in HepG2 and HepG3B cells [28] . Similar with the study, our study indicated that ANRIL knockdown suppressed cell proliferation, promoted apoptosis and inhibited migration and invasion in HepG2 cells.
Growing evidences have been widely proven the close relationship between miRNAs and lncRNAs, and they are jointly regulated the development and development of tumors [29, 30] . Previous study has proven that ANRIL affected cellular biological processes through acting as a sponge of miRNAs [31] . Further, lncRNA can also directly affect the regulation of miRNA as a precursor of miRNA [32] . Study from Hu et al. revealed that down-regulation of ANRIL could decrease nasopharyngeal carcinoma cells proliferation, induce apoptosis, and enhance radio-sensitivity by mediation of miR-125a [33] . Dong et al. demonstrated that ANRIL knockdown suppressed glioma cells proliferation, migration, invasion, while promoted apoptosis via regulating miR-34a [34] . Interestingly, the discovery from Ma et al. demonstrated that ANRIL inhibition suppresses cell proliferation, metastasis, and invasion by regulation of miR-122-5p in HCC cells [27] . Several studies have proven that miR-191 is a candidate oncogene target for the treatment of HCC [20, 35] . In our study, we explored the effect of ANRIL on miR-191 expression in HepG2 cells. We found that miR-191 expression was down-regulated by ANRIL knockdown in HepG2 cells, indicating the positive regulatory relationship between miR-191 and ANRIL. ANRIL modulated miR-191 expression might through various mechanisms. Further studies are still needed to explore the underlying mechanism. Further, p53, CyclinD1, MMP-2/− 9 and Vimentin are important regulators in the processes of cell proliferation, migration and invasion [36] . In our study, we further investigated whether miR-191 was involved in the ANRIL affected cell proliferation, apoptosis, migration and invasion by regulation of these factors. The results revealed that miR-191 overexpression significantly promoted cell viability, up-regulated CyclinD1 expression, down-regulated p53 and p21 expression, inhibited apoptosis, as well as increased cell migration and invasion through up-regulation of MMP-2, MMP-9 and Vimentin. All these data suggested that miR-191 might act as a key regulator for the treatment of HCC.
Although ANRIL knockdown was confirmed to function as a suppressor in HCC, the molecular mechanism by which ANRIL involved in the occurrence and development of HCC is still unclear. Mounting evidences have displayed that the development of HCC depends on the regulation of multiple crucial pathways, including NF-κB and Wnt/β-catenin signaling pathways [37, 38] . One study demonstrated that NKILA enhanced the anti-tumor effects of baicalein in HCC cells through regulation of NF-κB signaling pathway [39] . Another study found that CCAL inhibition could decrease HCC cell invasion, proliferation, and promote apoptosis by down-regulation of Wnt/β-catenin pathway [40] . Mechanistic analysis in this study showed that knockdown of ANRIL blocked NF-κB and Wnt/β-catenin signaling pathways through regulation of miR-191 in HepG2 cells. These data indicated that NF-κB and Wnt/β-catenin signaling pathways might be participated in regulating ANRIL-affected cell proliferation, apoptosis, migration and invasion in HepG2 cells.
Conclusions
Taken together, the study exhibited that knockdown of ANRIL inhibited proliferation, migration, invasion, and promoted apoptosis in HepG2 cells through inactivation of NF-κB and Wnt/β-catenin signaling pathways by down-regulation of miR-191. These data suggested that ANRIL knockdown might be a tumor suppressor in the treatment of HCC. Our findings further uncovered the underlying mechanism of HCC, and improved the development of lncRNA-directed diagnostics and therapeutics against HCC.
